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TABLES AND FORMULAS. 



This volume contains all the principal Tables and 
Formulas which are likely to be used by the student in 
practice. They have been collected and placed in this 
volume in order to make them convenient for ready refer- 
ence, so that the student will not be obliged to hunt them 
out in the preceding volumes. The number after each 
formula is the same as the number following the same 
formula in the text. 
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49B07 




37697 




i.rf,,. 


.46.4. 


..1615s 








J. 6179. 


:4«>6s . 








.44.75 




■46977 


...60,0 




J" 


■ IMS 


1.6.56. 


.40098 1 


«)385 


.41.39 1 


373" 


.44110 


9..6.,6 


.463.9 


9.IS9»H 


9 




.3a™ 


..6.33. 


.40.31 » 


49 '77 




37118 




...6aiB 


.,634s 


a. .5760 


t 




IS 


>.6.,o3 


.40166 a 


.8967 




369.5 




:::ffi 


.46383 


>.I5S96 






^.6.87, 




48758 




36733 




.464.S 


i:S 




jl 


.3a»» 


1.6.646 


.40534 » 


48549 


.4..76 . 




.44349 


9.95486 


.46434 




.38=33 


2.6.4.B 


.40.67 1 


48340 






.443B4 


1..51O0 


.46489 






*J 


.3a»a6 


9.6.iQa 




48.3= 


■41345 ' 




.444.8 




■465'S 






.38,== 


..fo,6| 


.40335 ' 






35967 


.44453 






9.14777 




1 


.3*353 




.4036, > 


m^ 




,577s 


.444S8 




■46WS 


1..46.4 




.T8,i6 


'-fe^ 


.40403 ' 


'75°9 


.4.447 . 


J55B5 




i;.46o4 


..66,. 


'■■445. 


• 


' 


Cotang 


Tane 


:;olHng 1 


an« 






CoUi,s 


Tang 


Cotang 




69" 1 


as- 


67" 


66° 


65" 



Natural Tangents ahd Cotangents. 






ISR 



Cotang Tang 



Natural Tanqents and Cotangents. 



lis&OT 



.6:140) 1 
. 61443 ' 
.60483 i 



■58=40 
,58; JO 
.58315 
■5B1S7 



:SS 



ielHe 



'■58593 



.67875 






i!46696 ! 






;:^:i^ 



'■57575 



-63J48 
.63789 ■ 
-638JO . 



1.56566 
1.56466 , 

1.56165 
1.56.65 



-6S343 

.6B4J9 



■■4586. ■ 
■^456fa ! 



■■iF 



^1 i 



I 581 



KaTURAI. TaNQBMTS and CoTANGEMTa 



Tung: Cotang Tbiie Coti 



..41638 

"t^S : 



Jiiasj 



■■H3B4 



.70801 
.70848 



.73"7a 



::& 



!r6^ 



;:Sji 






■-30SSO . 



l'34B96 : 









..38738 
' -38*53 
1.38568 
'-38484 



iiSl 



33wa 



:;S: 



iBo354 1 



Natural Tangents and Cotangents. 



.85.57 



as 



gs 



tnli 
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TABLES AND FORMULAS. 



THE PROPERTIES OF SATURATED 
STEAM. 



J, 


^ 


Quantities of Heal 


in British 


*. 








Thermal Units. 








Eg 


1 






I| 






Is 


.||< 


H 


•^ 


% 




>3 

la 

P 
^1 


1^ 






1 




H 

S 




I 




3 


4 


5 


G 


7 


s 


p 




? 


i 


H 


W 


V 


R . 


I 


102.01S 


70, 040 


1043.015 


itJ3.°5S 


003027 


330.4 


20623 


2 


126.302 


94.368 


1026.094 


1.20.462 


005818 


171. 9 


10730 


3 


Mr. 654 


109.764 


.0.5.380 


ii25.if4 


008522 


117-3 


7325 


4 


153.122 


121. 271 


1007,370 


H28.641 


011173 


89-51 


5588 


5 


162.370 


i30-5'53 


1O0O.-899 


.131,462 


013781 


72.56 


4530 


6 


I7°-I73 


133.401 


995.441 


1133.84^ 


016357 


6.. 14 


3816 


7 


176.945 


145-213 


990.695 


.135.908 


01890S 


52.89 


3302 


8 


182.952 


151-255 


986.485 


1137.740 


02.436 


46.65 


2912 


9 


188.357 


156.699 


982.690 


1139-389 


023944 


4'. 77 


2607 




193.284 


161.660 


979.232 


1140.892 


026437 


37-83 


2361 


11 


197.814 


.66.225 


976.050 


1142.375 


028911 


34.59 


2'59 


12 


202.012 


'70-457 


973.098 


1 '43-555 


031376 


3'-87 


1990 


13 


205.929 


174.402 


970.346 


1144.748 


033828 


29.56 


1845 


14 


209.604 


.78-112 


967-757 


1145.869 


036265 


27.58 


1721 


14.69 


212.00a 


1S0.531 


966.069 


1146.600 


037928 


26.37 


1G46 


15 


213.067 


181.608 


965.318 


1.46.926 


038688 


25-85 


T614 


16 


216.347 


184.919 


963,007 


ii47-92'> 


041109 


24-33 


i5'9 


17 


219.452 


188.056 


960.818 


1,48.874 


043519 


22.98 


1434 


iS 


222.424 


191.058 


958,721 


1149.779 


045920 




1359 


19 


225.255 


193-918 


95'5-725 


1150.643 


048312 


20.70 


1292 
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TABLES AND FORMULAS. 



I 


2 


3 


4 


5 


6 


7 


8 


p 


/ 


9 


T. 


H 


W 


V 


R 


20 


227.964 


196.655 


954.814 


1151.469 


.050696 


19.73 


1231.0 


22 


233.069 


201.817 


951.209 


1153.026 


.055446 


18.04 


II 26.0 


24 


237.803 


206.610 


947.861 


1154.471 


.060171 


16.62 


1038.0 


26 


242.225 


211.089 


944.730 


1155.819 


.064870 


•15.42 


962.3 


28 


246.376 


215.293 


941.791 


1157.084 


.069545 


14.38 


897.6 


30 


250.293 


219.261 


939.019 


1158.280 


.074201 


13.48 


841.3 


32 


254.002 


223.021 


936.389 


1159.410 


.078839 


12.68 


791.8 


34 


257.523 


226.594 


933.891 


1160.485 


.083461 


11.98 


748.0 


^36 


260.883 


230.001 


931.508 


1161.509 


.088067 


11.36 


708.8 


38 


264.093 


233.261 


929.227 


1162.488 


.092657 


10.79 


673.7 


40 


267.168 


236.386 


927.040 


1163.426 


.097231 


10.28 


642.0 


42 


270.122 


239.389 


924.940 


1164.329 


.101794 


9.826 


613.3 


44 


272.965 


242.275 


922.919 


1165.194 


.106345 


9.403 


587-0 


46 


275.704 


245.061 


920.968 


1166.029 


.110884 


9.018 


563-0 


48 


278.348 


247.752 


919.084 


1166.836 


.115411 


8.665 


540.9 


50 


280.904 


250.355 


917.260 


1167.615 


. 119927 


^'IZ^ 


520.5 


52 


283.381 


252.875 


915.494 


1168.369 


.124433 


8.037 


501.7 


54 


285.781 


255.321 


913.781 


1169. 102 


.128928 


7.756 


484.2 


56 


288. Ill 


257.695 


912. 118 


1169.813 


.133414 


7.496 


467.9 


58 


290.374 


260.002 


910.501 


1170.503 


.137892 


7.252 


452.7 


60 


292.575 


262.248 


908.928 


1171.176 


.142362 


7.024 


438.5 


62 


294.717 


264.433 


907.396 


1171.829 


. 146824 


6.811 


425.2 


64 


296.805 


266.566 


905.900 


1172.466 


.151277 


6.610 


412.6 


66 


298.842 


268.644 


904.443 


1173.087 


.155721 


6.422 


400.8 


68 


300.831 


270.674 


903.020 


1173.694 


.160157 


6.244 


389-8 


70 


302.774 


272.657 


901.629 


1174.286 


.164584 


6.076 


379.3 


72 


304.669 


274.597 


900.269 


1174.866 


. 169003 


5.917 


369-4 


74 


306.526 


276.493 


898.938 


1175-431 


.173417 


5-767 


360.0 


76 


308.344 


278.350 


897.635 


1175.985 


.177825 


5.624 


351.1 


78 


310.123 


280.170 


896.359 


1176.529 


.182229 


5.488 


342.6 


80 


311.866 


281.952 


895.108 


1177.060 


.186627 


5.358 


334.5 


82 


313.576 


283.701 


893.879 


1177.580 


. 191017 


5.235 


326.8 


84 


315.250 


285.414 


892.677 


1178.091 


.195401 


5.118 


319.5 


86 


316.893 


287.096 


891.496 


1178.592 


.199781 


5.006 


312.5 


88 


318.510 


288.750 


890.335 


1179.085 


.204155 


4.898 


305.8 
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T 


2 


3 


4 


5 


6 


7 


8 


t 


/ 


9 


L 


H 


W 


V 


R 


90 


320.094 


290.373 


889.196 


1179.569 


.208525 


4.796 


299-4 


92 


321.653 


291.970 


888.075 


1180.045 


.212892 


4.697 


293.2 


94 


Z'2i.\%2> 


293.539 


886.972 


1180.511 


.217253 


4.603 


287.3 


96 


324.688 


295.083 


885.887 


1180.970 


.221604 


4.513 


281.7 


98 


326.169 


296.601 


884.821 


1181.422 


.225950 


4.426 


276.3 


100 


327.625 


298.093 


883.773 


1181.866 


.230293 


4.342 


271. 1 


105 


331.169 


301.731 


881.214 


1182.945 


.241139 


4.147 


258.9 


no 


334.582 


305.242 


878.744 


1183.986 


.251947 


3.969 


247.8 


"5 


337.874 


308.621 


876.371 


1184.992 


.262732 


3.806 


237.6 


120 


341.058 


311.885 


874.076 


1185.961 


.273500 


3656 


228.3 


125 


344.136 


315-051 


871.848 


1186.899 


.284243 


3.518 


219.6 


130 


347.121 


318.121 


869.688 


1187.809 


.294961 


3.390 


211. 6 


135 


350.015 


321.105 


867.590 


1188.695 


•305659 


3.272 


204.2 


140 


352.827 


324.003 


865.552 


1189.555 


'Z^^ZZ^ 


3.161 


197.3 


H5 


355.562 


326.823 


863.567 


1190.390 


.326998 


3.058 


190.9 


150 


358.223 


329.566 


861.634 


1191.200 


.337643 


2.962 


184.9 


160 


363.346 


334.850 


857.912 


1192.762 


.358886 


2.786 


173.9 


170 


368.226 


339.892 


854.359 


1194.251 


.380071 


2.631 


164.3 


180 


372.886 


344- 708 


850.963 


1195.671 


.401201 


2.493 


155.6 


190 


377.352 


349- 329 


847.703 


1197.032 


.422280 


2.368 


147.8 


200 


381.636 


353-766 


844.573 


1198.339 


.443310 


2.256 


140.8 


210 


385.759 


358.041 


841.556 


1199.597 


.464295 


2.154 


134.5 


220 


389.736 


362.168 


838.642 


1200.810 


.485237 


2.061 


128.7 


230 


393.575 


366.152 


835.828 


1201.980 


.506139 


1.976 


123.3 


240 


397.285 


370.008 


833-103 


1203. Ill 


.527003 


1.898 


118.5 


250 


400. 883 


373.750 


830.459 


1204.209 


.547831 


1.825 


114.0 


260 


404.370 


377.377 


827.896 


1205.273 


.568626 


1-759 


109.8 


270 


♦07-755 


380.905 


825.401 


1206.306 


.589390 


1.697 


105.9 


280 


I11.048 


384-337 


822.973 


1207.310 


.610124 


1.639 


102.3 


290 


414.250 


387.677 


820.609 


1208.286 


.630829 


1.585 


99.0 


300 


417.371 


390.933 


818.305 


1209.238 


.651506 


1.535 


95.8 



TABLES AND FORMULAS. 
MOMENTS OF INERTIA. 



Fonn of 


"ootteilLme Shows P.,aid„n 








Section. 


u£ Neutral Axis. 


'^ 


' 




1. Rcct- 


•^-^M? 


id 


S*''' 


T* 


S, Square. - 


i^.f 


.. 


Ti'^' 


T* 


through 
Diasonal 


^ 


a- 


^■'' 


,TO7rf 


Sqi.Hr= 


-W 


fl^'-rf,' 


pW*-"'.') 


r* 


Bect- 
ant'le, I 


■fi-l-fe 


bd^b-,J-, 


!,«.-. ,« 


V 


fl. Triangle 


-^^ 


1" 


M*^* 


I' 


7. Cro?9..., 


■#!<#«., 


/rf-f/.A 


^'"•+"■■1 


4^ 




^km 


*rf-*,u', 


(fc^. A,./,'>'-4A/^.^irf-rf,)> 


d h,d,i d-d,- 




UlArf-^^il 




B. Ciro]o.... 


"^ 


T''' 


TT 


i.< 


'"■ a";,:. 


^^ 


^,..-.,> 


M ' 


1* 


11, ElUpse.. 


-»- 


7*'' 


£^ 


V 


12. Hollc.™ 
EUipse. 




fl*a'-A>rf,) 


n(A^>..^,/,') 


'f 


. ; 


^ 






. 
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BENDING MOMENTS AND DEFLECTIONS. 



Manner of Supporting 
Beams. 



^^ 



^ 



t^izuk. 




ponnoonnonoo 

7. '_ I 

. a- 1 



\ 1 



8. L 




9. 



oqqccqqqqgS 
— i — 





Maximum 

Hending 

Moment, M. 



Wl 



^Vi+^r,/, 



8 



Maximum 
Deflection, j. 



Lin* 

3 i^'/ 



«'/« 



+ «'/ 



fF/ 



I 



ri'I* 






8 



"8 



8 ^fi"/ 



Remarks. 



Cantilever, load at free 
end. 



Cantilever, more than 
(»ne load. 



Cantilever, uniform 
load zv lb. i)er unit 
of lenjs'th. W =w I. 



1 W7« 1 Tf'/ /s^'*'*"*''*^^'*''^' ^^'^^ Partly 



3 B~r^ 8 /:' / 



lE'I* 
4& EI 



uniform, partly con- 
centrated. 



Simple beam, load at 
middle. 



Simple beam, load at 
I some other point 
: than the middle. 



5 IV'i* 
mi E J 



Simple beam, 
f«)rml3' loaded. 



uni" 



.0182-7,7 



.0054->.- - 



1 _«V3 

v.n E J 



One end fixed, other 
end supported, load 
in the middle. 



One end fixed, other 
enil supported, uni- 
formly loaded. 



Hoth ends fixed, load 
in the middle. 



12 



1 /r'/» 

384 E J 



\ Both ends fixed, uni- 
formly loaded. 



C. Vol. v.— 4. 
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TABLES AND FORMULAS. 



SPECIFIC GRAVITIES AND WEIGHTS 

PER CUBIC FOOT. 



METALS, 



Substance. 



Osmium 

Platinum 

Gold 

Mercury 

Lead (cast) 

Silver 

Copper (cast) 

Brass 

Wrought Iron ... 

Cast Iron 

Steel 

Tin (cast) 

Zinc (cast) 

Antimony 

Aluminum 

WOODS. 



Specific 
Gravity. 



23.00 
21.50 
19.50 
13.60 

11-35 
10.50 

8.79 

8.38 

7.68 

7.21 

7.84 
7.29 
6.86 
6.71 

2.50 



Weight per 
Cubic Foot 
in Pounds. 



^437-5 

1,343-8 

1,218.8 

850.0 

709.4 

656.3 

549-4 

523.8 
480.0 

450.0 

490.0 

455-6 
428.8 
419.4 

156.3 



Substance 

Ash 77. .77 . . 7 7 

Beech 

Cedar 

Cork 

Ebony (American) .... 

Lignum-vitae 

Maple 

Oak (old) 

Spruce 

Pine (yellow) 

Pine (white) 

Walnut 



Specific 
Gravity. 




Weight per 
Cubic Foot 
in Pounds. 



52.80 

53.25 
35-o6 
15.00 
83.19 

^3-30 
46.88 

73- 10 

31-25 
41.20 

34.60 

41.90 
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LIQUIDS. 



Substance. 



Acetic Acid 

Nitric Acid 

Sulphuric Acid 

Muriatic Acid 

Alcohol '., 

Turpentine 

Sea Water (ordinary) 
Milk 



Specific 
Gravity. 



1.062 
1. 217 
1. 841 
1.200 
.800 
.870 
1.026 
1.032 



Weight 

per 

Cubic Foot 

in Pounds. 



66.4 

76.1 

115. 1 

75-0 
50.0 

54.4 
64.1 

64.5 



GASES. 

At 32° F., and under a Pressure of One Atmosphere. 



Substance. 



Atmospheric Air 

Carbonic Acid 

Carbonic Oxide 

Chlorine 

Oxygen 

Nitrogen 

Smoke (bituminous coal) 

Smoke (wood) 

*Steam at 212° F. ..... . 

Hydrogen 



Specific 
Gravity. 



1. 0000 
1.5290 
.9674 
2.4400 
1. 1056 

•9736 
. 1020 

.0900 

.4700 

.0692 



Weight 

per 

Cubic Foot 

in Pounds. 



.08073 
.12344 
.07810 
. 19700 
.08925 
.07860 
.00815 
.00727 
.03790 

.00559 



* The specific gravity of steam at any temperature and pressure com- 
pared with air at the same temperature and pressure is 0.622, 
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TABLES AXD FORMULAS. 



Substance. 




Emery 

Glass (average) 

Chalk 

Granite 

Marble 

Stone (common) 

Salt (common) 

Soil (common) 

Clay 

Brick 

Plaster Paris (average) 
Sand 



4.00 
2.80 
2.78 
2.65 
2.70 
2.52 
2.13 
1.98 

1-93 
1.90 

2.00 

1.80 



Weight 

per 

Cubic Foot 

in Pounds. 



250 

175 
174 
166 

169 

158 

124 
121 
118 

125 
113 



MISCELLANEOUS TABLES. 



SPECIFIC HEATS UNDER CONSTANT 

PRESSURE. 



SOLIDS. 



Copper 0.0951 

Gold 0.0324 

Wrought Iron o. 1 138 

Steel (soft) o. 1165 

Steel (hard) o- 1 1 75 

Zinc 0.0956 

Brass 0.0939 

Glass o. 1 93 7 



Cast Iron o. 1 298 

Lead 0.0314 

Platinum 0.0324 

Silver 0.0570 

Tin 0.0562 

Ice o. 5040 

Sulphur o. 2026 

Charcoal 0.2410 
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I^IQUIDS. 



Water i.oooo 

Alcohol o. 7000 

Mercury 0.0333 

Benzine 0.4500 

Glycerine o-555o 



Lead (melted) 0.0402 

Sulphur (melted) 0.2340 

Tin (melted) 0.0637 

Sulphuric Acid o-335o 

Oil of Turpentine 0.4260 



GA8B8. 



Air 

Oxygen » 

Nitrogen 

Hydrogen 

Superheated Steam 

Carbonic Oxide 

Carbonic Acid 



Constant Pressure. 


Constant Volume. 


0.23751 


0.16847 


0.21751 


0-15507 


0.24380 


0.17273 


3.40900 


2.41226 


0.48050 


0.34600 


0.24790 


0.17580 


0.40400 


0.15350 



VOLUMES AND WEIGHTS OF GASES. 



Gaus. 


Volume of one 

Pound at 32°F. 

and a Tension 

of I Atmos- 
phere (14. 7 Lb. 

per Sq. In.). 
Cu. Ft. 


Weight of one 

Cu. Ft. at 32" F. 

and a Tension 

of I Atmos- 
phere(i4.7 Lb. 

per Sq. In.). 
Lb. 


R. 


Air.. 


12.388 
11.2056 
12.7226 
178.891 


.08073 
.08925 
.0786 
•00559 


•37052 


Oxvfifen 


•33552 


■\-^^M.J ^^^M.M. ........... 

Nitrocren 


•38143 


Hvdroeren 


5-34946 





00 



TABLES AND FORMULAS. 



TEMPERATURES OF FUSION AND 

VAPORIZATION. 



Substance. 



Water 

Mercury 

Sulphur 

Tin 

Lead 

Zinc 

Alcohol 

Oil of Turpentine 

Linseed Oil 

Aluminum 

Copper 

Cast Iron 

Wrought Iron . . . 

Steel 

Platinum 

Iridium 



Tem- 
perature of 
Fusion. 



32" 

- 37.8° 
228.3° 

446° 
626° 
680° 
Unknown 

1400° 
2100° 
2192° 
2912° 
2520° 

3632"" 
4892° 



Tem- 
perature of 
Vaporiza- 
tion. 



212 

662° 

824° 



1900 
173° 

600° 



33<^^ 
5000' 



Latent 
Heat of 
Fusion. 



142.65 

5-09 
13.26 

2565 
9.67 

50-63 



Latent Heat 
of Vapori- 
zation. 



966.6 



493 
372 
124 



COEFFICIENTS OF EXPANSION. 



Name of Substance. 

Cast Iron 

Copper 

Brass 

Silver 

Bar Iron 

Steel (untempered) . 
Steel (tempered) . . . 

Zinc 

Tin 

Mercury 

Alcohol 

Gases 



Linear 
Expansion. 



.00000617 
.00000955 
.00001037 
.00000690 
.00000686 
.00000599 
.00000702 
.00001634 
.00001410 
.00003334 
.00019259 



Surface 
Expansion. 



.00001234 
.00001910 
.00002074 
.00001390 
.00001372 
.00001198 
.00001404 
.00003268 
.00002820 
.00006668 
.00038518 



Cubic 
Expansion. 



.00001850 
.00002864 
.00003112 
.00002070 
.00002058 
.00001798 
.00002106 
.00004903 
.00004229 
.00010010 
.00057778 
.00203252 
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UNITED STATES STANDARD SCREW THREADS. 



Diameter of 

screw in Inches. 

d 


Number of 


Diameter at Bot- 


Area at Bottom of 


Threads per 
Inch. 


tom of Threads 
in Inches. 


Threads in 
Square Inches. 


c» 


» 


d. 


a 


1 


20 


.185 


.0269 


-h 


i8 


.240 


.0452 


1 


i6 


.294 


.0679 


A 


14 


•345 


•0935 


\ 


'3 


.400 


.1257 


tV 


12 


.454 


. 1619 


% 


II 


•507 


.2019 


\ 


lO 


.620 


.3019 


i 


9 


•731 


.4197 


I 


8 


.838 


•5515 


li 


7 


•939 


.6925 


li 


7 


1.064 


.8892 




6 


1.158 


1-0532 


1* 


6 


1.283 


1.2928 


If 


Si 


1.389 


I-5153 


If 


5 


1.490 


1-7437 


ij 


5 


1. 615 


2.0485 


2 


4i 


1. 711 


2-2993 


2i 


4i 


1. 961 


3-0203 


H 


4 


2.175 


3-7154 


2i 


4 


2.425 


4.6186 


3 


3i 


2.629 


5.4284 


3i 


3* 


2.879 


6.5099 


3i 


3i 


3.100 


7-5477 


3i 


3 


3.317 


8.6414 


4 


3 


3.567 


9-9930 


4i 


4 


3- 798 


11.3292 


4i 


2f 


4.027 


12.7366 


4i 


2f 


4.255 


14.2197 


5 


H 


4.480 


15-7633 


5i 


2* 


4.730 


17.5717 


5i 


o 

2f 


4.953 


19.2676 


5f 


2& 


5-203 


21.2617 


6 


2i 


5-423 


23.0978 



9t 



TABLES AND FORMULAS. 



ATAXDARD DIMENSIONS OF WROUGHT.IRON 

., GAS, AND WATER PIPES. 



• 

Nominal -,. 
Diameter . 
in Inches. 


ickness 
Inches. 


Actual 
Internal 
Diameter 


Actual 
External 
Diameter 


Threads . 
per Inch. 


Pitch of 
Threads. 




in Inches. 


in Inches. 


n 




i 


o68 


.270 


.405 


27 


•037 


i 


o88 


.364 


.540 


18 


.056 


f 


.091 


.494 


.675 


18 


.056 


4 


,109 


.623 


.840 


14 


.071 


i 


113 


.824 


1.050 


14 


.071 


I 


134 


1.048 


1. 315 


14 


.087 


li 


.140 


1.380 


1.660 


"i 


.087 


li 


•M5 


1. 611 


1.900 


Hi 


.087 


2 


.154 


2.067 


2.375 


14 


.087 


2i 


.204 


2.468 


2.875 


8 


•125 


3 


.217 


3.061 


3.500 


8 


•125 


3* 


.226 


3.548 


4.000 


8 


•125 


4 


.237 


4.026 


4.500 


8 


•125 


4i 


.247 


4.508 


5.000 


8 


.125 


5 


-259 


5.045 


5.563 


8 


•125 


6 


.280 


6.065 


6.625 


8 


•125 


7 


.301 


7.023 


7.625 


8 


•125 


8 


.322 


7.982 


8.625 


8 


.125 


9 


344 


9.001 


9.688 


8 


•125 


lO 


Z^(^ 


10.019 


10.750 


8 


•125 
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STANDARD PIPE FLANGES. 



Inside 
Diam. 

of 
Pipe. 


Thick- 
ness of 


Diam. 
of 


Length 
of 


No. of 
Bolts. 


Thick- 
ness of 


Diam. of 
Bolt 


Diam. 
of 


Pipe. 


Bolts. 


Bolts. 


Flange. 


Circle. 


Flange. 


2.0 


.409 


s 


2.0 


4 


f 


4.75 


6.0 


2.5 


.429 


1 


2.25 


4 


H 


5-25 


7.0 


30 


.448 


i 


2.5 


4 


i 


6.0 


7.5 


3.5 


.466 


f 


2.5 


4 


H 


6.5 


8.5 


4.0 


.486 


i 


2.75 


4 


H 


7.25 


9.0 


4.5 


.498 


i 


30 


8 


il 


7.75 


9- 25 


5 


.525 


i 


3.0 


8 


H 


8.5 


lO.O 


6 


.563 


i 


3-0 


8 


I 


9.625 


II. 


7 


.600 


i 


3-25 


8 


iiV 


10.75 


12.5 


8 


•639 


i 


3-5 


8 


I* 


11.75 


13.5 


9 


.678 


i 


3-5 


12 


li 


13.0 


15.0 


10 


.713 


i 


3625 


12 


•A 


14.25 


16.0 


12 


.790 


i 


3.75 


12 


li 


16.5 


19.0 


14 


.864 


I 


4.25 


12 


If 


18.75 


21.0 


15 


.904 


I 


4-25 


16 


If 


20.0 


22.25 


16 


.946 


I 


4.25 


16 


lA 


21.25 


23.5 


18 


1.020 


li 


4.75 


16 


lA 


22.75 


25.0 


20 


1.090 


li 


5-0 


20 


iH 


25.0 


27.5 


22 


1. 180 


li 


5-5 


20 


iH 


27.25 


29-5 


24 


1.250 


li 


5.5 


20 


li 


295 


32.0 


26 


1.300 


li 


5-75 


24 


2 


31.75 


34- 25 


28 


1.380 


li 


6.0 


28 


2A 


34.0 


36.5 


30 


1.480 


If 


6.25 


28 


2i 


36.0 


38.75 


36 


1. 710 


If 


6.5 


32 


2f 


42.75 


45-75 


42 


1.870 


I* 


7.25 


36 


2f 


49.5 


52.75 


48 


2.170 


li 


7.75 


44 


2i 


56.0 


59-5 
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LAP-WELDED AMEHICAN CHARCOAL IRON 
BOILER TUBES. 



STANDARD D1MBN8IONS. 



Hg 


i 


^3 


1| 

|i 


i 
it 

u 


u 


m 

Is." 


4i 

m 


1a 




II 

Si 


I.. 


In. 




la. 


In. 


"■ 


Ft. 


Ft. 


Sq. In. 


Sq. In. 


Ib- 






072 


'S 




856 


2.689 


3 


142 




463 


3.819 




575 


-7S5 




,08 


■i 




083 


14 


I 


334 


4.191 


4 


712 




863 


2-547 


I 


39^ 


1.767 


> 


250 






og8 


13 


^ 


804 


S.C67 


6 


283 




118 


1.909 


2 


556 


3.J42 


. 


981 


H 




109 


12 


^ 


283 


7.172 


7 


854 




673 


1.528 


4 


094 


4.909 


' 


755 






109 


12 


= 


7S3 


S-743 


9 


425 




373 


1-^3 


6 


083 


7.069 


3 


333 


3i 




119 


II 


3 


262 


.0.248 


10 


996 




171 


1.091 


8 


357 


9.62, 


4 


272 






130 


la 


3 


741 


11-753 


12 


566 




0.1 


■955 


10 


992 


12.566 


5 


320 


4i 




130 


.0 


4 


341 


13-323 


14 


137 




9° I 


.849 


14 


126 


15-904 


6 


o,o 






140 


9-5 


4 


720 


14.S2S 


15 


708 




809 


.764 


17 


497 


19-635 


7 


2,6 


6 




IS' 


9 


_5^ 


699 


17.904 


18 


850 




670 


.637 


25 


509 


28.274 


9 


34S 



PROPORTIONS 


OF RIVETED JOINTS. 


Thick- 


Diam- 


Diam- 
eter 


Pitch. 


Efficiency of Joint 


of 


of 


Hole. 
















/ 






Single. 


Double. 


Single. 


Double. 


i' 


r 


H' 


2' 


3' 


.66 


■77 


A' 


w 




'A' 


3iS" 


.64 


■ 76 


r 


V 


«■ 


2*' 


.li- 


.62 


■75 


tV 


-H' 




»tV 


3r 


.60 


-74 


*' 


r 


+*■ 


=i' 


3r 


-58 


■73 
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PROPORTIONS OF GEAR TEETH. 

C= Circular Pitch. 



Addendum 

Root 

Whole Depth 

Thickness of Tooth 
Width of Space 



Rough 


Cut 


Cast Gears. 


Gears. 


0.30 C 


0.30 C 


0.40 C 


0.35 c 


0.70 C 


0.65 c 


0.48 C 


0.495 c 


0.52 C 


0.505 c 



RELATION BETl^EEN DIAMETRAL AND 

CIRCULAR PITCH. 



Diametral 


Circular 


Circular 


Diametral 


Pitch. 


Pitch. 


Pitch. 


Pitch. 


2 


1. 57 1 inches. 


2 inches 


1.571 


ai 


1.396 ** 


ti " 


1.676 


H 


1-257 ** 


li 


1.795 


2i 


1. 142 ** 


If " 


1.933 


3 


1.047 ** 


4 " 


2.094 


3i 


.898 ** 


ItV " 


2.185 


4 


.785 ** 


If 


2.285 


5 


.628 ** 


lA " 


2.394 


6 


.524 ** 


li 


2.513 


7 


.449 ** 


ifV " 


2.646 


8 


•393 


li 


2.793 


9 


.349 ** 


^-h 


2.957 


10 


.314 


I 


3.142 


II 


.286 


H " 


3.351 


12 


.262 ** 


i 


3-590 


14 


.224 ** 


H " 


3.867 


16 


.196 ** 


i 


4.189 


18 


.175 '' 


H " 


4.570 


20 


.157 


1 


5-027 



56 
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BREAKING STRENGTH OF AND POWER TRANS- 
MITTED BY l^IRE ROPES (42 l^IRES). 



Diam- 


Diam- 


Revolu- 


Breaking 


Horse- 


Velocity of 


eter of 


eter of 


tions 


Stress of 


power 


Rope in 


Ropes, 


Pulleys, 


per 


Rope per 


Trans- 


Feet per 


Inches. 


Feet. 


Minute. 


Pound. 


mitted. 


Second. 


tV 


5 


lOO 


4,260 


S.6 


26 


u 


6 


lOO 


5,660 


13-4 


31 


i 


7 


lOO 


8,200 


21. 1 


36 


f 


8 


lOO 


11,600 


27.5 


42 


f 


8 


I20 


11,600 


33' 


50 


s 


9 


lOO 


11,600 


519 


47 


f 


9 


I20 


11,600 


62.2 


56 


H 


lO 


lOO 


15,200 


73.0 


52 


« 


lO 


I20 


15,200 


87.6 


62 


H 


lO 


140 


15,200 


102.2 


73 


H 


12 


100 


15,200 


116.7 


63 


f 


12 


120 


17,600 


148.9 


75 


* 


12 


140 


17,600 


173-7 


87 


i 


14 


100 


17,600 


185.0 


. 73 


i 


14 


120 


17,600 


222. t) 


87 


i 


15 


120 


17,600 


300.0 


94 



SAFE PRESSURE ON BEARINGS AND SLIDES 

Pressure pei 

Sq. In. of 
Kind of Journal Bearmg. Projected 

Area, p. 

Bearings on which the load is intermittent and 
the speed slow, such as crank-pins of shearing 
machines 3,000 lb. 

Cross-head neck journals 1,200 lb. 

Crank-pins of large, slow-speed engines .... 800 to ^900 lb. 

Crank-pins of marine engines, usually 400 to 500 lb. 

Main crank-shaft bearings — marine engines (slow) 600 lb. 
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Main crank-shaft bearings — ^marine engines (fast) 400 lb 

Locomotive driving-axle journal 180 to 350 lb 

Railway journals 200 lb. 

Fly-wheel shaft journals 150 to 250 lb. 

Small engine crank-pins 150 to 200 lb. 

Slipper slide blocks, marine engines 100 lb. 

Stationary engine slide blocks 25 to 125 lb. 

Stationary engine slide blocks, usually 30 to 60 lb. 

Propeller thrust bearings 50 to 70 lb. 

Shaft in cast-iron steps or seats 15 lb. 



RULES AND FORMULAS. 



FORMULAS USED TX ALGEBRA. 

Let a and b be any two quantities, then, 

(tf + Z^)» = rt' + ^lab + ^'. ( 1 .) Art. 432. 

(a - by = a'- 2ab + b\ (2.) Art. 432. 
{a + b){a -b) = a'- b\ (3.) Art. 432. 

fl«4.2^7*+*'=(^+*)(«+*) = (^+^)'. (4.) Art. 455/ 

fl«_2tf*+*'=(tf-*)(tf-*) = (^?-/;)'. (6.) Art. 455. 

tf« - *« = (tf + b){a - b). (6.) Art. 462. 

Let ax^ ^ bx = c be any quadratic equation (it must be 
borne in mind that b and c may be positive or negative) ; 
then, 

b ^a/( bv. c -b± s nr.\ri^' 

THE TRIGONOMETRIC FUNCTIONS. 

Art. 754. 

^ ^ ^ ^ . side opposite 
Rule 1. — Sine = -; 7^ . 

hypotenuse 

Rule 2. — Side opposite — hypotenuse X sine, 

^ . ^ ^ . side adjacent 
Rule 3. — Cosine = —, ^ • 

hypotenuse 

Rule 4. — Side adjacent = hypotenuse X cosine. 
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^ ^ ^ T- ^ ^id^ Opposite 
Rule 5. — Tangent = —^ — ^ -. 

^ side adjacent 

Rule 6. — Side opposite = side adjacent X tangent. 

w^ - « ^ . . side adjacent 

. Rule 7. — Cotangent = — ^ — ^- — r— . 

^ side opposite 

Rule 8. — Side adjacent — side opposite X cotangent. 

w^ * ^ zr ^ a side opposite 

Rule 9. — Hypotenuse = — '^^ 



sine 



«.- -^ TT . ^ side adjacent 
Rule lO. — Hypotenuse = -. . 



cosine 



RUIZES FOR USING TABLE OF LOGARITHMS 

OF NUMBERS. 

Arts. 625-636. 

I. To find tlie Characteristic. — For a number greater 
than 1 the characteristic is one less than the number of in- 
tegral places in the number. For a number wholly decimal 
the characteristic is negative, and is numerically one greater 
than the number of ciphers betzveen the decimal point and the 
first digit of the decimal, 

IT. To find tlie Lo^i^arithin of a Number not hav- 
ing more ttian four fig:ures. — Find the first three sig- 
nificant figures of the number whose logarithm is desired in 
the left-hand column ; find the fourth figure in the column at 
the top (or bottoui) of the page, and in the column under {or 
above) this figure, and opposite the first three figures previously 
found, IV ill be the mantissa, or decimal part, of the logarithm. 
The characteristic being found as described above, write it at 
the left of the mantissa, and the resulting expression will be 
the logarithm of the required number, 

III. To find ttie Lo^i^arittini of a Number con- 
sisting of five or more fij^ures. 

(a) If the number consists of more than five figures, and 
the sixth figure is 5 or greater, increase the fifth figure by 1, 
and write ciphers in place of the sixtti and remaining figures. 
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(b) Find the mantissa corresponding to the logarithm of 
the first four figures^ and subtract this mantissa from the 
next greater mantissa in the table ; the remainder is the 
difference, 

(c) Find in the secondary table headed P, P. a column 
headed by the same number as that Just found for the diff er- 
ence, and in this column opposite the number corresponding to 
the fifth figure (or fifth figure increased by 1) of the given 
number {this figure is always situated at the left of the 
dividing line of the column) will be found the P, P, {propor- 
tional part) for that number. The P. P, thus found is to be 
added to the mantissa found in (6), and the result is the 
mantissa of the logarithm of the given fiumber^ as nearly as 
may be found with five-place tables. 

IV. To find a Number whose Lrosaritlim is 
given.— 

{a) Consider the mantissa first. Glance along the 
different^ columns of the table which are headed O until the 
first two figures of the mantissa are found. Then glance 
down the same column until the third figure is found {or 1 
less than the third figure). Having found the first three 
figures^ glance to the right along the row in which they are 
situated until the last three figures of the mantissa are found. 
Then the number which heads the column in which the last 
three figures of the mantissa are found is the fourth figure 
of the required number^ and the first three figures lie in the 
column headed N^ and in the same row in which lie the last 
three figures of the mantissa. 

{h) If the mantissa cajinot be found in the t able ^ find the 
mantissa which is ?i ear est to^ but less than^ the given mantissa^ 
and which call the next Jess mantissa. Subtract the next less 
mantissa from the next greater mantissa in the table to obtain 
the difference. Also subtract the next less mantissa from the 
mantissa of the given logarithm^ and call the remainder the 
P, P, Looking in the secondary table headed P. P. for the 
column headed by the difference just found ^ find the number 
opposite the P, P, just found {or the P, P, corresponding most 
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nearly to that just found) ; this number is the fifth figure of 
the required number ; the fourth figure will be found at the 
top of the column containing the next less mantissa^ and the 
first three figures in the column headed iV, and in the same 
row which contains the next less mantissa, 

(c) Having found the figures of the number as above 
directed^ locate the decimal point by the rules for the charac- 
teristu\ annexing ciphers to bring the number up to the re- 
quired number of figures if the characteristic is greater than 4. 

RULES FOR USING TRIGONOMETRIC TABLES. 

Given, an angle, to find its sine, cosine, tang^ent. 
and cotangent. 

Rule 11. — Find in the table the sine^ cosine ^ tangent^ or co- 
tangent corresponding to the degrees and minutes of the angle. 

For the seconds^ find the differ ejice of the values of the sine^ 
cosine^ tangent^ or cotangent taken from the table^ between 
which the seconds of the angle fall ; multiply this difference by 
a fraction whose numerator is the number of seconds in the 
given angle ^ and whose denominator is 60, 

If sine or tangent, add this correction to the value first found; 
if cosine or cotangent, subtract the correction. Art. 756. 

Given, the sine, cosine, tangent, or cotangent to 
find the angle corresponding. 

To find the angle corresponding to a given sine, cosine, 
tangent, or cotangent whose exact value is not contained in 
the table : 

Rule 1 2. — Find the difference of the two numbers in the 
table between which the given sine, cosine, tangent, or co- 
tangent falls, and use the number of parts in this difference 
as the denominator of a fraction. 

Find the difference between the number belonging to the 
smaller angle, and the given sine, cosine, tangent, or cotangent, 
and use the number of parts in the difference just found as the 
numerator of the fraction mentioned above. Multiply this 
fraction by 60, and the result zvill be the number of seconds to 
be added to the smaller angle. Art. 758. 



TABLES AND FORMULAS. 61 



RULES FOR MENSURATION. 



THB TRIANGLB. 

Rule. — The area of any triangle equals one-half the 
product of the base and the altitude. Art. 766. 



THB QUADRILATBRAL. 

To find the area of a parallelogram : 

Rule. — The area of any parallelogram equals the product 
of the base and the altitude. Art. 777. 

To find the area of a trapezoid : 

Rule. — The area of a trapezoid equals one-half the sum of 
the parallel sides multiplied by the altitude. Art. 778. 

To find the area of an irregular figure bounded by straight 
lines : 

Rule. — Divide the figure into triangles^ and find the area 
of each triangle separately. The sum of the areas of all the 
triangles will be the area of the figure. Art. 779. 



THB CIRCLB. 

To find the circumference or diameter of a circle : 

Rule. — The circumference of a circle equals the diameter 
multiplied by 3, H16. Art. 780. 

Rule. — The diameter of a circle equals the circumference 
divided by S. U16, Art. 780. 

To find the length of an arc of a circle : 

Rule. — The length of an arc of a circle equals the circum- 
ference of the circle of which tJic arc is a part multiplied by the 
number of degrees in the arc, and divided by 360, Art. 781. 

To find the area of a circle : 

Rule. — Square the diameter, and multiply by , 785^. Art. 
782. 
Given, the area of a circle to find its diameter: 

Rule. — Divide the area by . 785 Jf, and extract the square 
root of the quotient. Art. 783. 

C. Vol, F.— 5. 



62 TABLES AND FORMULAS. 

To find the area of a sector : 

Rule. — Divide the number of degrees in the arc of a sector 
by 360. Multiply the result by, the area of the circle of which 
the sector is a part. Art. 784, 

To find the area of a segment of a circle: 

Rule. — Draw radii from the center of the circle to the 
extremities of the arc of the segment ; find the area of the 
sector thus formed, subtract fro7n this the area of the triangle 
formed by the radii and the chord of the arc of the segment^ 
and the result is the area of the segment. Art. 785. 



THB ELLIPSB. 

To find the perimeter of an ellipse: 

Rule. — Multiply the major axis by 1.82 , and the minor axis 
by 1. 315. The sum of the results will be the perimeter. Art. 
788. 

To find the exact area of an ellipse : 

Rule. — The area of an ellipse is equal to the product of its 
two diameters multiplied by .185 Jf. Art. 789. 

To find the area of any plane figure : 

Rule. — The area of any plane figure may be found by 
dividing it into triangles, quadrilaterals, circles ox parts of 
circles, and ellipses, finding the area of each part separately^ 
and adding them together. Art. 790. 



THB PRISM AND CYLINDBR. 

To find the area of the convex surface of any right prism 
or right cylinder: 

Rule. — Multiply the perimeter of the base by the altitude. 
Art. 803. 

To find the volume of a right prism or cylinder: 

Rule. — The volume of any right prism or cylinder equals 
the area of the base multiplied by the altitude. Art. 804. 
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THB PYRAMID AND CONB. 

To find the area of a right pyramid or right cone: 

Rule. — The convex area of a right pyramid or cone equals 
the perimeter of the base multiplied by one-half the slant 
height. Art. 809. 

To find the volume of a right pyramid or cone : 

Ru le. — The volume of a right pyramid or cone equals the area 
of the base multiplied by one-third of the altitude. Art. 810. 



THB FRUSTUM OP A PYRAMID OR CONC 

To find the convex area of a frustum of a right pyramid 
or right cone : 

Rule. — The convex area of a frustum of a right pyramid 
or right cone equals one -half the sum of the perimeters of its 
bases multiplied by the slant height of the frustum. Art. 
814. 

To find the volume of the frustum of a pyramid or cone : 

Rule. — Add the areas of the upper basc^ the lower basc^ and 
the square root of the product of the areas of the two bases ; 
multiply this sum by one-third of the altitude. Art. 815. 



THB SPHCRC 

To find the area of the surface of a sphere : 

Rule. — The area of the surface of a sphere equals the square 
of the diameter multiplied by 3. HIG. Art. 817. 

To find the volume of a sphere : 

Rule. — The volume of a sphere equals the cube of the diam- 
eter multiplied by , 5286. Art. 818. 



FORMULAS USED IN ELEMENTARY 

MECHANICS. 



UNIFORM MOTION. 

Let S = the length of space passed over uniformly ; 
/ = the time occupied in passing over the space S\ 
F^= the velocity. 



64 TABLES AND FORMULAS. 





(7.) 


Art. 859. 


S= Vt. 


(8.) 


Art. 859. 


'=^- 


(9.) 


Art. 859. 



MASS, 19VBIGHT, AND GRAVITY. 

If the mass of the body be represented by w, its weight 
by W^ and the force of gravity at the place where the body 
was weighed by g^ we have 

mass = 7«'ght of body ^^ ^^^ ^ W Art. 888. 

force of gravity g ^ ' 



FORMULAS FOR GRAVITY PROBLEMS. 

Let W=^ weight of body at the surface; 

w = weight of a body at a given distance above or 

below the surface ; 
d = distance between the center of the -earth and the 

center of the body ; 
R = radius of the earth = 4,000 miles. 

Formula for weight when the body is below the surface : 

wR = dW, (11.) Art. 891. 

Formula for weight when the body is above the surface : 

wd'=WR\ (12.) Art. 891. 



FALLING BODIBS. 

Let g = force of gravity = constant accelerating force due 
to the attraction of the earth ; 
t = number of seconds the body falls; 
V = velocity at the end of the time /; 
A = distance that a body falls during the time /. 

v = gt. (13.) Art. 896. 

T/iat ts, the velocity acquired by a freely falling body at the 
end of t seconds equals 32. 16 inn I tip lied by the time in seconds, 

/ = -. (14.) Art. 896. 
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That is^ the number of seconds during which a body must 
liave fallen to acquire a given velocity equals the given velocity 
in feet per second divided by 82, 16, 

h = ^. (15.) Art. 896. 

T/iat is, the height from which a body must fall to acquire 
a given velocity equals the square of the given velocity divided 
by2x 32. 16. 



V = )f%gh. (16.) Art. 896. 

That is, the velocity that a body will acquire in falling 
through a given height equals the square root of the product 
of twice 32. 16 and the given height. 

h = igt\ (17.) Art. 896. 

That iSy the distance a body will fall in a given time equals 
32.16 -7- 2 multiplied by the square of the number of seconds. 

t = l/^. (18.) Art. 896. 

That is, the time it will take a body to fall through a given 
height equals the square root of twice the height divided by 
32. 16. 



CENTRIFUGAL FORCB. 

The value of the centrifugal force of any revolving body^ 
expressed in pounds, is 

F = . 00034 WRN'; (19.) Art. 903. 

in which F = centrifugal force ; 

IV = total weight of body in pounds; 

R = radius, usually taken as the distance be- 
tween the center of motion and the cen- 
ter of gravity of the revolving body, in 
feet; 

N = number of revolutions per minute. 
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THB CBNTBR OP GRAVITY OF TWO BODIBS. 

Let / = the distance between the centers of the bodies; 
/j = the short arm ; 
w = weight of small body ; 
IV= weight of large body. 

^^ = W^- (20.) Art. 911. 

THB BPPICIBNCY OF A MACHINE. 

Let F = the force applied to the machine ; 
V = the velocity ratio of the machine ; 
W= the weight actually lifted or equivalent resist- 
ance overcome; 
E = the efficiency of the machine ; 

W 
Then, E = -py. (22.) Art. 950. 

W^ORK. 

If the force necessary to overcome the resistance be repre- 
sented by F^ the space through which the resistance acts by 
5, and the work done by C/, then [/= F S, 

U W= the weight of a body, and // = the height through 
which it is raised, [/= W h. Hence the work done 

U=FS=Wh. (23.) Art. 953. 



POl^BR. 

The power of a machine may always be determined by 
dividing the ivork done in foot-pounds by the time in minutes 
required to do the work; i, e. , 

FS 
Power = ^. (24.) Art. 954. 



KINBTIC BNBRGY. 

Let W^ the weight of the body in pounds; 

V = its velocity in feet per second ; 

h = the height in feet through which the body must 

fall to produce the velocity v\ 

IV 
nt = the mass of the body = — . (See formula lO.) 
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The work necessary to raise a body through a height // is 
If'/;. The velocity produced in falling a height h is v 

= s '^g^j and h = — . (See formulas 15 and 16.) 

Therefore, work = Wh = IF-- = 4 x — X ^ = i /« ^'*, or 

^g g 

Wh-\mt^. (25.) Art. 957. 



DENSITY. 

The density of a t>ody is its mass divided by its volume 
in cubic feet. 
Let D be the density ; then the density of a body is 

m WW 

D = ^. Since m = —,D = -^. (26.) Art. 962. 

y g gy V / 



RULBS AND FORMULAS USED IN HYDRO- 

MECHANICS. 



PASCAL'S LAl^. 

Rule I. — The pressure per unit of area exerted anywhere 
upon a tnass of liquid is transmitted undiminished in all 
directions^ and acts with the saine force upon all surfaces in 
a direction at rlsiit angles to those surfaces. 



THB GBNBRAL LAl^ FOR THB DOl^Nl^ARD PRBSSURB 
UPON THB BOTTOM OF ANY VESSEL. 

Rule II. — TJie pressure upon the bottom of a vessel con- 
taining a fluid is independent of the shape of the vessel, and 
is equal to the weight of a prism of the fluid zi'hose base has 
the same area as the bottom of the vessel, and ichose altitude 
is the distance between the bottom and the upper surface of 
the fluid plus the pressure per unit of area upon the upper 
surf cue of the fluid multiplied by the area of the bottom of 
the vessel, 

GENERAL LAl^ FOR UPWARD PRESSURE. 

Rule III. — The upward pressure on any submerged hori- 
zontal surface equals the weight of a prism of the liquid 
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whose base has an area equal to the area of the submerged 
surface^ and whose altitude is the distance between the sub- 
merged surface and the upper surface of the liquid plus the 
pressure per unit of area on the upper surface of the fluid 
multiplied by the area of the submerged surface. 



GBNBRAL X^XVi FOR L.ATBRAL. PRBSSURB. 

Rule IV. — The pressure upon any vertical surface due to 
the weight of a liquid is equal to the weight of a prism of 
the liquid zuhose base has the same area as the vertical sur- 
face^ and whose altitude- is the depth of the center of gravity 
of the vertical surface below the level of the liquid. 

Any additional pressure is to be added as in the previous 
cases, 

GBNBRAL VsXVl FOR PRBSSURB. 

Rule V. — The pressure exerted by a fluid in any direction 
upon any surface is equal to the weight of a prism of the 
fluid whose base is the projection of the surface at right angles 
to the direction considered^ and whose height is the depth of 
the center of gravity of the surface below the level of the 
liquid, 

SPBCIFIC GRAVITY. 

Let W be the weight of the solid in air and W the weight 
in water; then, W — W = the weight of a volume of water 
equal to the volume of the solid, and 

IV 

If the body be lighter than water, a piece of iron or other 
heavy substance must be attached to it sufficiently heavy 
to sink both. Then weigh both bodies in air and both in 
water. 

Let W = weight of both bodies in air; 
IV = weight of both bodies in water; 
w = weight of light body in air ; 
IV^ = weight of heavy body in air ; 
IV^= weight of heavy body in water- 
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Then, the specific gravity of the light body is given by 

w 
Sp. Gr. = ^^_ W')- {W — Wy ^^®'^ ^^^* 992. 

To find the specific gravity of a liquid : 

Weigh an empty flask ; fill it with water ^ then weigh it^ 
and find the difference between the two results ; this will 
equal the weight of the water. Then weigh the flask filled 
with the liquid and subtract the weight of the flask ; the re- 
sult is the weight of a volume of the liquid equal to the 
volume of the zvater. The weight of the liquid divided by 
the weight of the water is the specific gravity of the liquid. 

Let W = the weight of the flask and liquid ; 
W = the weight of the flask and water; 
w = the weight of the flask. 

'^^^^' Sp. Gr. = -^^^. (29.) Art. 993. 



FORMULAS FOR FLOW^ OF W^ATER. 



MBAN VBL.OCITY. 

Let Q = the quantity in cubic feet which passes any 
section in 1 second; 
A = the area of the section in square feet ; 
Vjn = the mean velocity in feet per second. 

Then, Q = Av^, (31.) Art. 1003. 

and ^"» = Z* ^^^'^ ^^^' *®®3* 

VBLOCITV OF BFFL.UX FROM AN ORIFICB. 

Let V = the velocity of efflux in feet per second ; 
h = the head in feet on the orifice considered ; 
h^ = the head equivalent to a pressure/; 
IV = the weight of the water in pounds flowing 
through the aperture per second. 

Wv* 
The kinetic energy of the issuing water = -— — . 
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The work the issuing water can do = WA. 

ly^'^ 

Wh = — — , or z/ = Y2g-A. 

A = -T^, where /i^ is in feet, and / in pounds per 

square inch. 

Aj = — ^, where /i^ is in feet, and / in pounds per 

square foot. 
A -f- //j = the total head, 

V = 4/2 ^(//, + //). (33.) Art. 1007. 

If a is the area of a large orifice in the bottom of a small 
vessel whose area is A, the velocity is 



^|/1M^. (35.) Art. 1010. 

Actual velocity of efflux from a small square-edged orifice: 

z/ = . 98 /2^ (36.) Art. 1 Ol 3. 

Actual quantity discharged from a small square-edged 
orifice : 

Q=i.615Av. (37.) Art. 1015. 



THBORBTICAL AND ACTUAL DISCHARGB. 

Let Q = theoretical number of cubic feet discharged per 

second ; 
Vjn = theoretical mean velocity through orifice in feet 

per second = Q -7- A; 
A = area of orifice in square feet ; 
A = theoretical head necessary to give a mean 

velocity z/^. 
(3o = actual quantity discharged in cubic feet per 

second. 

Then, for an orifice in a thin plate, or a square-edged 
orifice (the hole itself may be of any shape, triangular, 
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square, circular, etc., but the edges must not be rounded), 
the actual quantity discharged is : 

Qa = .615 Q = .615^ v^ = .615 A j/Ygh. (38.) 

Art. 1017. 

For a discharge through a short tube, 

i2a=.815 Q=.S15A v^=.S15A /2^. (39.) Art. 1017. 
For a discharge through a mouthpiece, 

Q^=,97Q=.97Av^==,97Ai^^2^. (40.) Art. 1017. 

For a discharge through the compound mouthpiece, the 
area of the orifice being taken as the area of the smallest 
section, 

j2a= 1.5526 Q = 1.5526^ v^ = L5526^ /2iT. (41.) 

Art. 1017. 

In these four formulas it is taken for granted that there 
is a constant head. 

FLOW OF WATBR THROUGH W^EIRS. 

If ^/= the depth of the opening in feet, and b its breadth 
in feet, the area of the opening is yl = ^/ X ^, and the theo- 
retical discharge is Q = dx6xi'm = ^^Xi |/2^'-// = 
\bdj^2gd^ the head for this case being taken as d. 

The actual discharge is 



i2«=. 615 (2 = . 615x1^^/2^=. 41*^/2^. (42.) 

Art. 1020. 

That is, the actual discharge through a weir in cubic feet 
per second^ whose top is on a level luith the upper surface of 
the water ^ is equal to .^1 multiplied by the breadth of the 
weir^ multiplied by the square root of 2 g times the cube of the 
depth of the weir. All dimenstotis are to be taken in feet. 

To obtain the mean velocity z/^, divide the actual discharge 
by the area of the weir, or 

V, = -^^ = ^. (43.) Art. 1 020. 
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For a weir whose upper edge is below the level of the 
upper surface of the water, let A^ be the depth in feet of the 
top of the weir below the surface of the water, and // the 
depth in feet of the bottom of the weir below the surface of 
the water. The actual discharge Qa in cubic feet per second is 

Qa = Aldi^iiTP - VV). (44.) Art. 1022. 



FLOW OF W^ATER IN PIPES. 



TSB MBAN VBLOCITV OF DISCHARGB. 

For straight cylindrical pipes of uniform diameter: 

Let v^ = mean velocity of discharge in feet per second; 
A = total head in feet = the vertical distance between 

the level of the water in the reservoir and the 

point of discharge ; 
/ = length of pipe in feet ; 
ii = diameter of pipe in inches; 
/ = coefficient of friction. 



Then, z/^ = 2.315 fyj^^. (45.) Art. 1024. 

When the pipe is very long, compared with the diameter, 
the following formula may be used : 

«;« = 2. 315 1/^. (46.) Art. 1 027. 

THB ACTUAL HBAD. 

The actual head necessary to produce a certain velocity 
Vn may be calculated by the formula 

/t=^ll^+.0233v'^. (47.) Art. 1029. 



THB QUANTITY DISCHARGBD FROM PIPBS. 

Let ^=the diameter of the pipe in inches, then the 
discharge Q in gallons per second is 

Q =z .O^OS d' v^. (48.) Art. 1030. 
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If the diameter of the pipe and the discharge are known, 
the mean velocity v^ is 

24.51 Q 



^"* "" d^ • 



(49.) Art. 1031. 



If the head, the length of the pipe, and the diameter of 
the pipe are given, to find tfie discharge use the formula 

Q = . 09445 d^ |/II^I. (50.) Art . 1 032. 

To find the value of /, calculate v^ by formula 46, assu- 
ming that /= .025, and get the final value of / from the 
following table. Art. 1 033. 



Vm- 


O. I 


0.2 


0.3 


0.4 


0.5 


0.6 


f- 


.0686 


.0527 


.0457 


.0415 


.0387 


.0365 


«'m = 


0.7 


0.8 


0.9 


I 


li 


li 


f- 


.0349 


'^ZZ^ 


.0325 


•0315 


.0297 


.0284 


«'- = 


2 


3 


4 


6 


8 


12 


/ = 


.0265 


.0243 


.0230 


.0214 


.0205 


.0193 



Note. — The values given in the above table are calculated by the 
formula/= .014392 + '^^^}^ ^ 



TO CAL.CUL.ATB THB DIAMETER OF A PIPE. 

Neglecting the fraction ^ ^ in formula 50, and solving 
for d^ 

Assuming that /=.025, for a trial value, the above 
equation then becomes 



d ^ 1.229 1/^. 



(51.) Art. 1035. 
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Formula 50 may also be written 

^=2.57/2Z^Z)E. (52.) Art. 1035. 

By aid of formulas 51 and 52, the diameter of a pipe 
may be approximated as follows: 

Rule. — Find the value of d by formula 51; substitute 
this value in formula 49, and find the value of^v^. Then 
find from the table the value of f corresponding to this value 
of v^. Substitute the values of d and f just found in the 
right-hand member of formula 52, and solve for d ; the result 
will be the diameter of the pipe ^ nearly enough for all practical 
purposes. 

FORMULAS USED IN PNEUMATICS. 



PRBSSURB, VOL.UMB, DBNSITV, AND l^BIGHT OP AIR 
l^HBN THE TBMPBRATURB IS CONSTANT: 

Marlotte's Lai?v. — The temperature remaining the same^ 
the volume of a given quantity of gas varies inversely as the 
pressure. 

Let / = pressure for one position of the piston ; 

p^ = pressure for any other position of the piston; 
V = volume corresponding to the pressure / ; 
v^ = volume corresponding to the pressure /,. 

Then, pv=p^ v^. (53.) Art. 1049. 

Let D be the density corresponding to the pressure / and 
volume v^ and D^ be the density corresponding to the 
pressure p^ and volume v^ ; then, 

/ : D ^p,\D^, or/ D^ = A A (54.) Art. 1052. 

^XiAv\D^—v^\D, orvD = v^ D^. (55.) Art. 1052. 

Thus, let Whe the weight of a cubic foot of air or other gas, 

whose volume is v, and pressure is / ; let W^ be the weight 

of a cubic foot when the volume is z/„ and pressure is /,; 

then, 

pW^=p^lV. (56.) Art. 1052. 

V W =v^ W,. (57.) Art. 1052. 
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PRBSSURB AND VOLUMB OP A GAS l^ITH VARIABLB 

TBMPBRATURB : 

Gay-L/ussac's Lai^v. — If the pressure remains constant^ 
every increase of temperature of i° F, produces in a given 
quantity of gas an expansion of-^-^ of its volume' at 32"^ F, 

If the pressure remains constant it will also be found that 
every decrease of temperature of 1° F. will cause a decrease 
of -^ of the volume at 32° F. 

Let V = original volume of gas ; 
z/, = final volume of gas ; 
t = temperature corresponding to volume v; 
/, = temperature corresponding to volume v^. 

Then, v^ = v(^^\ (58.) Art. 1054. 

That is, t/te volume of gas after heating {or cooling) equals 
the original volume multiplied by JfiO plus the final temper a- 
ture divided by 4.60 plus the original temperature. 

Let / = the original tension ; 

t = the corresponding temperature; 
/j = final tension ; 
/j = final temperature. 

Then, p^=p{^±lj>^. (59.) Art. 1055. 

Let / = pressure in pounds per square inch ; 
F= volume of air in cubic feet; 
7"= absolute temperature; 
W'=' weight in pounds. 

Then, / F"= .37052 T, (60.) Art. 1056. 

If the weight of the air be greater or less than 1 pound, 
the following formula must be used : 

/ r= .37052 W r, (61.) Art. 1057. 

Let /j, F„ and T^ represent the pressure, volume, and 
temperature of the same weight of air in another state; 
then, 

^ = ^^. (62.) Art. 1058. 
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MIXTURB OF TWO GASB8 HAVING UNBQUAL VOI.UMB8 

AND PRBSSURBS. 

Let V and / be the volume and pressure, respectively, of 
one of the gases. 

Let z/, and /, be the volume and pressure, respectively, of 
the other gas. 

Let V and P be the volume and pressure, respectively, of 
the mixture. Then, if the temperature remains the same, 

VP^vp + v^p^. (63.) Art. 1062. 



MIXTURB OF TWO VOLUMBS OF AIR HAVING UNBQUAX 
PRBSSURBS, VOLUMBS, AND TBMPBRATURBS. 

If a body of air having a temperature /„ a pressure /„ and 
a volume z/,, be mixed with another volume of air having a 
temperature /„ a pressure/,, and a volume z/„ to form a 
volume V having a pressure P, and a temperature /, then, 
either the new temperature /, the new volume F, or the new 
pressure P may be found, if the other two quantities are 
known, by the following formula, in which T^y 7",, and T 
are the absolute temperatures corresponding to /j, /„ and /: 

/>r=p^+^]7: (64.) Art. 1063. 

FORMULAS USED IN HEAT. 



TO CHANGB FAHRBNHBIT TBMPBRATURB8 TO CBNTI- 
GRADB, AND CBNTIGRADB TO FAHRBNHBIT. 

Let t^ = temperature Centigrade, and tf = temperature 
Fahrenheit. Then, 

/^ = I /, + 32°, (65.) Art. 1 1 04. 

and /, = {fj, - 32°) |. (66.) Art. . 1 104. 



BXPANSION OR CONTRACTION OF BODIBS FROM CHANGBd 

OF TEMPERATURE. 

Let L = length of any body ; 

/ = amount of expansion or contraction due to heat- 
ing or cooling the body ; 
A = area of any section of the body ; 
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a = increase or decrease of area of the same section 
after heating or cooling the body ; 

V = volume of the body ; 

V = increase or decrease in volume due to heating or 

cooling the body ; 
C^ = coefficient of expansion taken from column 1, 

Table 1 ; 
C, = coefficient taken from column 2, Table 1 ; 
C, = coefficient taken from column 3, Table 1 ; 
/ = difference in degrees of temperature between 

the original temperature and the temperature of 

the body after it has been heated or cooled. 

Then, /= LC^t; (67.) Art. 1113. 
a = A C,t; (68.) Art. 1113. 
v=VC,L (69.) Art. 1113. 



RBSULTING TBMPERATURBS AND SPECIFIC HEATS OP 
THE MIXTURE OF SEVERAL BODIES HAVING 
UNEQUAL. TEMPERATURES. 

._ ^.sJ^+W,sJ^+ W,sj, + etc, c (73.) 
^" "' "' '" ^ '\ ' --^ 



f*^,^. + ^.^.+ W^s-f, + etc. » ] Art. 1 136. 

^^ ^ _ ^,^, i^r - + ^Ks. (^. - + etc. ( (74.) 

W,{t- Q ' I Art. 1 1 37. 

in which t is the final temperature of the mixture; fF„ .y,, 
and /„ the weight, specific heat, and temperature, respect- 
ively, of one body; IV^, s^y and /, the same for second body; 
and W^, s^y and /, the same for a third body, etc. 



WORK DONE BY THE ISOTHERMAL EXPANSION OF A GAS. 

L = the work in foot-pounds ; 

P = the total initial pressure in pounds per square foot ; 

P^ = the total final pressure in pounds per square foot ; 

V = the initial volume in cubic feet ; 

F, = the final volume in cubic feet. 

L = 2.3026 P V log -^. (75.) Art. 1 160. 

C. Vol V,-6. 
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P V 
Since P ]^ = P^ F„ -^ = -r^, and formula 75 might be 

written 

Z = 2. 3026 P V log -^. (76.) Art. 1 1 60. 

Whichever formula is used it must be kept in mind that 

V P 
the fraction -j-^or-jy must always be greater than 1 ; that is, 

the numerator must always be greater than the denominator. 



^ORK REQUIRBD TO COMPRBSS A GAS ISOTHBRMALLT. 

V 
Z = 2. 302G P V log -y, (77.) and 

Z = 2. 3026 P V log -^, (78.) Art. 1 1 62. 

in which the letters have the same meaning as before, and 
the larger volume or pressure is always in the numerator. 

Formulas 75, 76, 77, and 78 will be easier to use if 
the pressure be taken in pounds per square inch, and 
144X2.3026 = 331.5744 be substituted for 2.3026. As 
before, the volume must always be taken in cubic feet. 
Formulas 75 and 76 then become 

Z = 331.5744/ Flog-p, (79.) 

Z = 331. 5744 p Flog 4, (80.) Art. 1 1 63. 

Px 

in which p = pressure in pounds per square inch. 



RELATION BETIVEEN PRESSURES AND VOLUMES OF AIR 
DURING ADIABATIC EXPANSION OR COMPRESSION. 

Let / and v = the volume and pressure during one 

stage ; 
p^ and z/j = the volume and pressure during the next 

stage ; 
/, and v^ = the volume and pressure during the third 

stage, etc. ; 

then/z/^*^ =p,vr' =P.K'' = etc (81.) Art. 1164, 
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l^ORK DONB BY THB ADIABATIC EXPANSION OF AIR. 

Let L = work in foot-pounds ; 

P = initial pressure in pounds per square foot; 
P, = final pressure in pounds per square foot; 
V = initial volume in cubic feet; 
Fj = final volume in cubic feet. 

i: = 2.44/^Fri-(-^yn, (82.) Art. 1165. 

[/ P\ .20078-1 
^-\-p) y (83.) Art. 1166. 

Let / and /, be the initial and final pressures, respectively, 
in pounds per square inch, then, 

L = 35L36/ f[i - (-^)'*'], (84.) 

L = 351.36/ vYl - (4^) """]• (85.) Art. 1167. 

The relation between the pressures and temperatures, and 
the volumes and temperatures, during the adiabatic 
expansion of air, are given by the following formulas: 

(p\ .20078 y 

77) = -f-- (86.) Art. 1 1 70. 

(■f)"^"?- ^®^"^ Art. 1170. 

To obtain the area of the diagram representing the adia- 
batic compression of air, the following formula may be used 
which gives it directly when / and /, are the greater and 
lesser pressures, respectively, and Fand Fj their correspond- 
ing volumes : 

^ ^"a^' ^' = area. (88.) Art. 1 1 72. 
.41 

EFFICIENCY OF A PERFECT HEAT ENGINE. 

P V V 

Let c = - -y^-, and r = y/-, then, the efficiency of a perfect 

heat enmne - g- 302« r log r. ( J, - y. ) _ _ T,-T, 

heat engine- 2. 3026 f T, log r. -^- T, ' ^^^'^ 

Art. 1183. 
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That IS, for a perfect heat engine^ operating through a re- 
versible cycle process^ the efficiency of the machine is the 
ratio of the difference of the absolute temperatures of 
the sources of heat and of cold to the absolute temperature 
of the source of heat, 

FORMULAS USED IN STEAM AND STEAM 

ENGINES. 



RBLATION BETW^EEN THE PRESSURE AND TEMPERA- 
TURE OF SATURATED STEAM. 

Let / = temperature, Fahrenheit; 

T=- absolute temperature = / + 460°; 
/ = absolute pressure (pressure above vacuum) in 
pounds per sq. in. 

T J. n -lAnry 2.719.78 400,215 j (90.) 
Log/ = 0.1007 ^ ^^. j Art! 1197. 

TOTAL HEAT OF VAPORIZATION. 

Let If = total heat of vaporization ; 
/ = temperature ; 

H=: 1,081.94+ .305 /. (91.) Art. 1200. 



SPECIFIC VOLUME OP SATURATED STEAM. 

^ y{i = 475, (92.) Art. 1203. 

in which p is the pressure in pounds per square inch, and y 
the volume in cubic feet of a pound of steam at the given 
pressure. 

l^ORK DONE IN THE CYLINDER OF A STEAM ENGINE. 

Let P = the pressure on the piston in pounds per sq. ft. ; 
p = pressure on piston in pounds per sq. in. ; 
V = volume swept through by the piston ; 
IV = work in foot-pounds. 

Then, JV= P V= 144/ F. (93.) Art. 1212. 



RELATION BETWEEN CLEARANCE, CUT-OFF, AND NUM- 
BER OF EXPANSIONS, OR RATIO OF EXPANSION. 

Let e = the number of expansions ; 

i = the clearance, expressed as a per cent, of the stroke ; 
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k = the real cut-off ; 
k^= the apparent cut-off; 

r = the apparent number of expansions = -r-. 



AND 



B 



mds. 



Dund 



isure 
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at the beginning of the stroke, are known, the M. E. P. may 
be found approximately by the following formula: 

M. E. P. = -^^(1 + ^-3 log.) ^ ^^^ ^^^^^ 

^ Art. 1269. 

in which -P= absolute steam pressure = gauge pressure 

-f 14. 7 pounds ; 
e = ratio of expansion ; 
/ = absolute back pressure. 
/ is usually taken as about 3 pounds for condensing 
engines, and 17 pounds for non-condensing engines. 



RELATION BBTIJITEBN LENGTH OF STROKE, NUMBER OP 
REVOLUTIONS, AND PISTON SPEED. 

Let L = length of stroke in inches; 

R = number of revolutions per minute; 
S = piston speed in feet per minute. 

LR "1 



S = 
L = 
R = 



6 
65 

R 
65 

L 



(lOO.) Art. 1270. 



RATIO OF EXPANSION IN A COMPOUND OR TRIPLE- 
EXPANSION ENGINE. 

Let e = ratio of expansion in high-pressure cylinder; 
£ = total ratio of expansion ; 
V = volume of cylinder receiving steam from the 

boiler; 
V= volume of cylinder exhausting into atmosphere 

or condenser. 

Then, ^=^- (102.) Art. 1298. 



RATIO BET^WEEN THE CYLINDERS OF A COMPOUND 

ENGINE. 

Letting the letters have the same meaning as in the last 
formula, then either of the following formulas may be used: 
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^ = 2.72 — , or — = ^. (103.) Art. 1306. 

z/ V 2.72 ' 

^=/£. (104.) Art. 1306. 

AMOUNT OF ^WATBR AND THB COOLING SURFACB FOR 

CONDBNSBRS. 

^Water Required by a Condenser. 

Let /j = the temperature of departing condensing water; 
/, = the temperature of entering condensing water ; 
/, = the temperature of the condensed steam upon 

leaving the condenser; 
// = total heat of one pound of steam at the pressure 

of the exhaust ; 
W^= the weight of water required per pound of steam 
condensed. 

^=^^-T3T^- (105.) Art. 1323. 

Coolins Surface. 

Let 5 = the required surface in square feet ; 
W= total weight of steam used per hoUr. 

Then, S= .0944 W. (106.) Art. 1325. 



TO FIND THB ^WEIGHT OF A FLY-^WHBBL. 

Let Fj = the greatest velocity of the crank-pin in ft. per sec. ; 
F,= the least velocity of the crank-pin in ft. per sec. ; 
V^= average velocity of crank-pin in ft. per sec. ; 
W= required weight of fly-wheel in pounds; 
/f = the number of foot-pounds per sq. in. of piston 

represented by the excess of crank effect over 

the resistance; 
A = area of piston in square inches ; 
n = ratio between radius of fly-wheel and length of 

crank ; 

V — V 
£ = * jy. — - = coefficient of unsteadiness. 

W= Jff, - (107.) Art. 1328. 
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FORMULAS USED IN STRENGTH OF MATERIALS. 



UNIT STRBSS» UNIT STRAIN, AND COBFFICIBNT OP 

ELASTICITY. 

Let P = the total stress in pounds ; 

A = area of cross-section in square inches ; 
S = unit stress in pounds per square inch; 
/ = length of body in inches ; 
e = elongation in inches ; 
s = unit strain ; 
E = coefficient of elasticity. 

S = ^,orP=^A S. (108.) Art. 1345. 

s = J, or e = Is. (1 09.) Art. 1 346. 

^ = 1 = ^-7=^. (IIO.) Art. 1352. 



STRENGTH OF PIPBS AND CYLINDERS. 

Let ^/= inside diameter of pipe in inches; . 
/ = length of pipe in inches ; 
/ = pressure in pounds per square inch; 
P= total pressure ; then P ^ p I d \ 
t = thickness of pipe ; 
5 = working strength of the material. 

For longitudinal rupture 

.p I d = % 1 1 S, or 

pd ^^t S. (111.) Art. 1365. 

For transverse rupture 

pd^^t S, (112.) Art. 1366. 

Since, for longitudinal rupture, / </ = 2 / 5, it is seen that 
a cylinder is twice as strong against transverse rupture as 
against longitudinal rupture. 

For pipes and cylinders whose thickness is greater than 
-^ of the radius, use the following formula, in which 
r = the inner radius, and the other letters have the same 
meaning as before. 
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/ = -4^. (113.) Art. 1 367. 

The following formula gives the collapsing pressure in lb. 
per sq. in. for wrought-iron pipe : 

/ = 9, 600, 000 -^. (114.) Art. 1 368. 



MOMBNT OF INBRTI A, RESISTING MOM£NT» AND BBNDING 

MOMBNT OF BBAMS. 

Let / = moment of inertia ; 
A = area of cross-section ; 
r = radius of gyration ; 

c = distance from neutral axis to outermost fiber ; 
S^ = ultimate strength of flexure; 
/ = factor of safety ; 
M = bending moment. 

I = Ar\ (115.) Art. 1 396. 

The resisting moment is given by the expression 

SSI 
c c * c 

Per the bending moment 

M=S,^, (116.) Art. 1398. 

and, when a factor of safety is used, 

J/=^. (117.) Art. 1401. 

DBFLBCTION OF A BBAM. 

Let a = 3, constant depending on the manner of loading 
the beam and the condition of the ends; 
s = the deflection ; 
E = the coefficient of elasticity ; 
/ = the length of the beam in inches ; 
W= the total weight supported in pounds; 
/ = moment of inertia about the neutral axis. 

^ = ^-^grj-. (118.) Art. 1404. 
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STRENGTH OF COLUMNS* 

Let fF=load on a column; 

5, = ultimate strength for compression; 

A = area of section of column ; 

/ = factor of safety ; 

/ = length of column in inches ; 

^ = a constant to be taken from table ; 

/ = least moment of inertia of cross-section ; 

6 = length of longer side of a rectangular column; 

d = length of shorter side of a rectangular column, 

or the diameter of a circular column ; 
c = length of one side of a square column. 

lV=z ,^''^,,, . (119.) Art. 1411. 






) 

1413. 



For a circular column, 
rf= 1.4142 i/-3183^^/^ /3183 W/^.Z1SZ Wf ^ l^y 

(121.) Art. 1413. 
For a rectangular column, assume d, then, 

* = dS ' (122.) Art. 1413. 

STRBNGXH OF SHAFTS. 

Let d = diameter of a round shaft, or side of a square 

shaft, in inches; 
er = a constant taken from Table 31 ; 
^Tj = a constant taken from Table 31 ; 
P =. 2L force applied at the end of a lever arm in 

pounds ; 
r = length of lever arm in inches; 
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jfir= horsepower transmitted by shaft; 
iV= number of revolutions per minute; 
k = Si constant taken from Table 32; 
^j = a constant taken from Table 32; 
^ = a constant taken from Table 32; 
^j = a constant taken from Table 32. 

For all solid shafts below 11 inches in diameter use the 
formula 

d=cyp:^=c^f^, (123.) Art. 1415. 

If the diameter of a wrought-iron shaft is greater than 
12.4*', of a cast-iron shaft greater than 10.3^, or of a steel 
shaft greater than 13.6^, the following formula should be 
used: 

d=kY~P7=k^y^. (124.) Art. 1416. 

If the shaft is hollow (round) either of the two following 
formulas may be used: 

P^q{iL^^^ (126.) Art. 1416. 



or 



H=q,N{^^-^\ (126.) Art. 1416. 



SHAFTS SUB«JBCXBD TO COMBINBD BBNDINO AND 

TISVISTING. 

Let B = bending moment; 
T = twisting moment; 

J'j = the twisting moment which would have the same 
effect as B and T acting together. 



Then, T, = ^ + V^' + T\ (255.) Art. 1991. 

The twisting moment T^ is called the Ideal t^vistlng^ 
moment, and should be used in place of Prm formulas 
123 and 124 to determine the diameter of a shaft 
subjected to combined bending and twisting. 



\ 
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VALVES OP e AND c, TO BB USED IN FORMCLA 123. 



\faterial 


c 


Ci 




Round. 


Square. 


Round. 


Square. 


Wrought Iron 

Cast Iron 


.31 

.353 
.297 


.272 

.309 
.26 


4.92 

5-59 
4.7 


4.31 
4.89 

4. II 


Steel 




•f.. i» i» 



VALiUBS OF k, ki, q, AND q^ TO BE USBD IN FORMULAS 

124, 125, AND 126. 



Material. 


k 


k, • 


^ 


^i 


Wrought Iron 

Cast Iron 


.0909 

.1145 
.0828 


3.62 
4.56 
3-3 


1,335 
669 

1,767 


.0212 
.0106 


Steel 


.028 







STRENGTH OF ROPES AND CHAINS. 

Let /*= working or safe load in pounds; 
C = circumference of rope in inches ; 
d = diameter of the link of a chain in inches. 

For manila ropes, hemp ropes, or tarred hemp ropes, 

P= 100 (7. (127.) Art. 1417. 

For iron wire rope of '5' strands, 19 wires to the strand, 

/>= 600 (?. (128.) Art. 1418. 

For the best steel wire rope, 7 strands, 19 wires to the 
strand, 

P= 1,000 C". (129.) Art. 1418. 

For open-link chains made from a good quality of wrought 

iron, 

P= 12,000 ^/\ (130.) Art. 1421. 

and for stud-link chains, 

P= 18,000 ^/'. (131.) Art. 1421. 



TABLES AND FORMULAS. 89 



FORMULAS USED IN APPLIED MECHANICS. 



RELATION BBT^WBBN THB DIAMBTBRS AND NUMBBR OP 

REVOLUTIONS OF PULLEYS. 

Let D^ = diameter of driving pulley ; 

iVj = number of revolutions of driving pulley ; 

F^ = diameter of driven pulley ; 

Hj = number of revolutions of driven pulley, 

^ = ^. (136.) Art. 1477. 



HORSEPO^ITER OF BELTS. 

Let If= horsepower to be transmitted; 
W = width of belt in inches ; 
S = belt speed in feet per minute. 

FOR SINGLE BELTS. 

'' ^^ (138.) Art. 1488. 



(139.) Art. 1488. 
(140.) Art. 1488. 

FOR DOUBLE BELTS. 

(141.) Art. 1489. 
(142.) Art. 1489. 



j^. (143.) Art. 1489. 

TEETH OF GEAR-^WHEBLS. 

Let P= diametral pitch; 

D = diameter of pitch circle of large gear: 
d = diameter of pitch circle of small gear ; 
D = outside diameter; 



dl — 


900' 


w= 


900 /f 


5 


s = 


900 /T 


W 


H = 


WS 
630' 


w= 


630 //■ 

s ■ 


.<:- 


630^ 
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C = circular pitch ; 

N ^=. number of teeth; 

A = distance between centers of wheels; 

F= velocity; i. e., revolutions per minute of large 

gear, 
tf =: velocity ; i. e., revolutions per minute of small 

gear. 

P= ^^^, and (149.) 

C=2^^. (150.) Art. 1556. 

N=DP. (151.) Art. 1557. 

C>Z? = -^ + 2xi = ^^^^^. (152.) Art. 1557. 

D = ^^r^. ( 1 53.) Art. 1 557. 

0.1416 ' 

Given the distance between the centers of two gears and 
their velocities, the formulas for their diameters are 

and D = ^^4-ir' (155.) Art. 1557. 



THB PRONY BRAKB. 

Let H. P. = number of horsepower absorbed; 
R = length of lever arm in feet ; 
W = weight in scale pan ; 
N = number of revolutions per minute ; 
r = length of lever arm in inches. 
rr j^ 2 X 3.1416 XRX Wx N ^^ 

^- ^- = spoo ' ""' 

H. P. = .00011)04 R IV N, (156.) Art. 1593. 

If. P. = .00001586 r JVN. (157.) Art. 1595. 
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FORMULAS USED IN STEAM BOILERS. 



STRBNGTH OF BOILBR SHBLLS AND TUBB8. 

Let / = the pressure of steam in pounds per square inch: 
/ = thickness of plate in shell or tube ; 
d = diameter of shell or tube ; 
5, = ultimate tensile strength of material ; 
f = factor of safety ; 
y = efficiency of joint; 
/ = length of a tube subjected to external pressure 

For tubes without riveted joints, 

/ = 4^- (1 64.) Art. 1 730. 



25 



1 



/ = ^0-. (166.) Art. 1731. 
For tubes or shells with riveted joints, 
. = ^, (166.) 

/ = ?iA2. (167.) Art. 1731. 
For tubes subjected to external pressure, 

/ = 1,600,000-^ (168.) Art. 1732. 



RIVETED JOINTS. 

Let ^/= diameter of rivet hole in inches; 
h = pitch of rivets in inches ; 
/ = thickness of plate in inches. 

A=(l + I^W. (169.) Art. 1742. 

For double-riveted lap joints or single butt joints, for- 
mula 169 becomes 

>6 = (l + ^ W. (1 70.) Art. 1 742. 
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For double-riveted double butt joints, formula 170 
becomes 

/i = (l + |^W. (171.) Art. 1742. 

The d in the above formulas refers to the diameter of the 
rivet hole, or of the rivet after being headed. 

The diameter of the cold rivet is ^' less. 

For single and double-riveted lap joints and butt joints, 
with one cover plate, the diameter of the rivet is 

d=f + i' (172.) Art. 1742. 

for values of / between ^' and f . For butt joints with 
double cover plates, the diameter of rivet may be taken 
about 1 J times the thickness of the plate. 



FL,AT 8URFACBS. 

The strength of a circular plate supported at the edges, as, 
for example, the head of a boiler shell, is given by the 
following formula: 

5 = %r-, (174.) Art. 1751. 

o t 

t = ry^, (175.) Art. 1751. 

where 5 represents the safe tensile strength of the material, 
r the radius of the plate in inches, / the thickness of the 
plate in inches, and/ the pressure in lb. per sq. in. 

The following formula gives the strength of a square 
unstayed flat plate fixed along the edge (the length of side 
is a): 






(176.) Art. 1752. 



BOILBR STAYS. 

Let A r= area in sq. in. of plate supported by one stay; 
d = smallest diameter of stay in inches ; 
^ = pressure of steam in pounds per sq. in. ; 



TABLES AND FORMULAS. 93 

T = safe stress per sq. in. allowed on stay; 
a = pitch for stays arranged at equal distances apart, 
both horizontally and vertically. 

ord^ L13 |/ZZ. \ (177.) Art. 1756. 

d=lA3ay^, (178.) Art. 1756. 

and ^ = . 885 d y^. ( 1 79.) Art. 1 756. 

The values of T used in formulas 177, 178, and 179 
may be taken as follows : 

For copper screw staybolts T= 4,000 

Iron Stays. — For screw stays, and for other 
stays not exceeding H inches in diameter, 
and for all stays which are welded T= 6,000 

For unwelded stays above 1^ inches effective 

diameter T= 7,500 

Steel Stays. — For screw stays, and for other 
stays not exceeding 1^ inches effective di- 
ameter T=z 8,000 

For stays above 1^ inches effective diameter 7"= 9,000 

No steel stays are to be welded. 

The size of a diagonal stay may be calculated from for- 
mula 178 by substituting — ^— ^ for /, B being the angle 
between the stay and the shell. Formula 1 78 thus becomes 

rf=1.13^/ZZZI. (180.) Art. 1758. 

J cosx> ' 

For the strength of a girder stay : 
Let / = length of girder in inches ; 

// = distance between adjacent girders in inches; 

/ = steam pressure in lb. per sq. in. ; 

d = breadth of girder in inches = ^ d; 

d= depth of girder in inches. 

C. Vol. v.— 7. 
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^=f^. (181.) Art. 1761. 

/ = ^'^y . (182.) Art. 1761. 

For the safe pressure allowable on a flat surface, 
strengthened by screw staybolts: 

Let/ = pressure in lb. per sq. in.; 
// = pitch of staybolts ; 
/ = thickness of plate ; 
^ = a constant. 

Then,/ = ir|j, (183.) 

and / = A|/|. (184.) Art. 1763. 

The constant k has the following values: 

For iron plates and iron bolts ^ = 24,000 

For low steel plates and iron bolts ^ = 25,000 

For low steel plates and low steel bolts ^ = 28,000 

For iron plates and iron bolts with nuts k — 40,000 

For copper plates and iron bolts ^ = 14,500 



SAFETY VALVES. 

For a dead-weight safety valve : 

Let A = area of opening in valve seat in sq. in. ; 

/ = pressure at which the valve is to blow off (in lb. 

per sq. in.); 
W'=' dead weight in pounds (including weight of 

valve). 

W^Ap, Art. 1774. 

For a weighted-lever safety valve : 

Let d ^ F B = distance from fulcrum to weight in 
inches ; 
c =z F G = distance from fulcrum to center of 
gravity of lever in inches ; 
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a = F V= distance from fulcrum to center of valve 

in inches; 
A = area of orifice beneath bottom of valve in inches ; 
W = weight of weight P in pounds ; 
W^ = weight of valve and stem in pounds; 
W^ = weight of lever in pounds ; 
P = blow-off pressure in pounds per sq. in. ; 
IV^= W^-\- W^ = combined weight of valve and lever ; 
b = distance from fulcrum of center of gravity of W^. 

and d = -{PA-^W;)^W,C ^ ^^^^^^ ^^^ ^^^^ 

Also./= ^^^~ ^-^ . (187.) Art. 1778. 

To find the area of a safety valve: 

Let a = area of the valve opening in square inches ; 

w = maximum weight of steam generated in pounds 

per hour; 
/ = gauge pressure in pounds per square inch, 

a =3;4^- (188.) Art. 1781. 

DIMENSIONS OF CHIMNEYS. 

Let H = height of chimney in feet ; 
H. P, = horsepower of boiler or boilers ; 

A = actual area of chimney in square feet; 
E = effective area of chimney in square feet; 
S = side of square chimney in inches; 
d = diameter of round chimney in inches; 
/ = pressure of draft in inches of water; 
Ta = absolute temperature of outside air; 
Tc = absolute temperature of gas in chimney. 

/ = //'(^-'^y (192.) Art. 1826. 

11=-, ^-^=— • (193.) Art. 1826. 
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£ = ^^^^^ = ^-.6VZ. (194.) Art. 1827. 

H. P. = 3.33 E\^. (195.) Art. 1827. 
5=12VT+4. (196.) Art. 1827. 

^f= 13.54^^+4. (197.) Art. 1827. 

The maximum rates of combustion attainable under 
natural draft are given by the following formulas : 

Let F = weight in pounds of coal per hour per square 
foot of grate area ; 
//"= height in feet of chimney or stack. 

Then, for anthracite coal burned under the most 
favorable conditions, 

i^ = 2 V^- 1, (1 98.) Art. 1 829. 

and under ordinary conditions, 

F = l.5i/7r-l, (199.) Art. 1829. 

For best semianthracite and bituminoiis coals, 

F = 2.25 V^ (200.) Art. 1 829. 

and for less valuable soft coals, 

F = d i/ff. (201 .) Art. 1 829. 



GRATB ARBA. 

Let G = area of grate in sq. ft. ; 

F = rate of combustion in lb. per sq. ft. of grate 

surface per hour ; 
IV = weight of steam generated per hour by boiler or 

boilers ; 
e = evaporation in pounds of water per pound of 

coal per hour. 

Then, ^ = ^' (202.) Art. 1830. 

In using this formula care must be taken that Wand e 
are taken at the same pressure and temperature. 
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TO RBDUCG THE ACTUAL BVAPORATION TO AN BQUIVA- 

LENT EVAPORATION. 

Let IV = the actual evaporation; 

H = total heat of steam above 32° at pressure of 

actual evaporation ; 
/ = observed temperature of feed-water; 
W'= equivalent evaporation from and at 212°. 

Then, PF(/^- /+ 32) = 966.1 W\ 
or W = ^^^^^^ ^^^> (203.) Art. 1838. 

The quantity ( — "T" — J which changes actual evapor- 
ation to equivalent evaporation from and at 212° is called 
the factor of evaporation. 



TO FIND THE QUALITY OP STBAM BY MBANS OF THB 

BARRELr CALORIMBTER. 

Let W = original weight of water in barrel ; 

w = weight of steam and water condensed in the 

cold water; 
/ = latent heat of steam at observed pressure; 
/ = temperature of steam at observed pressure; 
/, = initial temperature of water ; 
/, = final temperature of water; 
X = the portion of w which is dry steam ; 
Q = quality of steam ; that is, the percentage of the 

mixture evaporated, which is pure dry steam. 

<2 = J=7[S^('-0-(^-0]- (204.) Art.1853. 



TO FIND THE QUALITY OF STBAM BY MBANS OF THB 

SEPARATOR CALORIMETER. 

Let IV= weight of dry steam discharged from the 
instrument; 
w = weight of water drawn from separator; 
/? = water condensed by radiation: 
Q = quality of steam. 

Q = , ■■^+ f — ■ (205.) Art. 1855. 
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FORMULAS USED IX MACHINE DESIGN. 



PROPORTIONS OF BOLT HBAI>S» NUT8, AJfD ^T A8HER8. 

^/= diameter of bolt. 

Diameter of nut or head across flats: 

77= 1^^+ i^or rough work. / /ooo ^ ArtlQ-^'T 

D=\^d+^' for finished work. [ i^^"-) ^^ 1»^Z. 

Height of nut: 

i I d^^J^^or finished work. ) ^^^*-^ ^^' \QS7. 

Thickness of washer, / = .15 ^/. (222.) Art. 1937. 

Diameter of washer, D^ = IJ D^. (223.) Art. 1 937. 

The above proportions for diameters D hold for both 
hexagonal and square nuts. The diameter across corners 
Z>, is as follows: 

For hexagonal nuts: 

^' = I L73 d+ \or for finished nuts. (^24.) Art. 1937. 
For square nuts : 

^ _ (2.12^+.18'forroughnuts. ,^^j. x Artia-^T 
^» "(2.12 ^+.09^ for finished nuts. ^^^^-^ Art. 1»^7. 

Height of head : 



PROPORTIONS OF KBITS. 

Let b = width of key in inches ; 

/ = thickness of key in inches ; 

/ = length of key in inches ; 
iV= number of revolutions per minute; 
H = horsepower transmitted by a pulley. 

, , [^ For driven pulleys. (234.) Art. 1965. 

^=12 + 16- 
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f ^ ■ ? V t ' 1 !/ } For driving pulleys. (235.) Art. 1 965. 
/ =.1 a-f- ,lo • ; 

When d is less than 1-^ in. , , 



(236.) Art. 1965. 



When the pulley transmits but a small part of the power 



= 5V^^ 



of a shaft, use the formula d= Sy -^from which to obtain 

the value of d to use in formula 236* 
For sliding feather keys, 



^-8+16- 
16^16* 



(237.) Art. 1965. 



PROPORTIONS AND STRBNGTH OF GBAR-^WHGBLS. 

Let p = pressure acting at pitch line ; 

d = breadth of tooth ; 

?i = number of revolutions per minute; 
If = horsepower transmitted ; 
D = diameter of gear in inches; 
C = the circular pitch ; 
P = diametral pitch ; 
5 = allowable working stress in tooth ; 

V = velocity of a point in the pitch circle in feet per 
minute; 

c = thickness of rim. 

dC=16.S^. (266.) Art. 2024. 

If V is greater than 100 feet per minute make 

To insure durability make 
^ = 38,000, ord = 4:i ^. (268.) Art. 2025. 



7'31955 



100 
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To calculate the dimensions of the arms- 

Let z = number of arms in wheel ; 

a = width of arm, measured at center of wheel; 

X = thickness of arm ; 

5j — allowable safe stress in arm ; 

R = radius of wheel in inches ; 

/ = pressure between gears at pitch line. 

For cross-shaped, T, or I sections : 

"^ "" ^ ^ • I (270.) Art. 203a 

x^\C. J 
For oval or elliptical sections: 

a^ 1.2 y . 



-=r.,>m 



bR 
Pz. 



(271.) Art. 2030. 






For thickness of rim : 

c -^.^ C for large gears and coarse pitch. 
^= .4 Cx \^ for gears with small pitch. 



PROPORTIONS OF BBV£Lr GBARS. 

Denote the mean circular pitch by C^, 

— 1« Q^ 



Then, ^C,„=16.8g. 



(266^.) Art. 2033. 



c =.4C» + i' = j^ + F. (269^.) Art. 2033. 

^ z 
X "=- \ L^, 

a = 1.2 \fJ^^. 



(270a:.) Art. 2033. 






(271a.) Art. 2033. 
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RULES AND FORMULAS USED IN DYNAMOS 

AND MOTORS. 



DIRECTION OF LINES OF FORCE AROUND A CONDUCTOR. 

Rule. — If the current is flowing in the conductor away 
from the observer^ then the direction of the lines of force will 
be around the conductor in the direction of the hands of a 
watch. Art, 2167. 

TO DETERMINE THE POLARITY OF A SOLENOID. 

Rule. — In looking at the end of the helix ^ if it is so wound 
that the current circulates around the helix in the direction of 
the hands of a watch^ that end will be a south pole ; if in the 
other direction it will be a north pole. Art, 2160« 



RESISTANCE OF CONDUCTORS. 

Let r, = the original resistance of a conductor ; 
r, = the changed resistance ; 
/, = the original length ; 
/, = the changed length ; 
a^ = the original sectional area ; 
a^ = the changed sectional area ; 
D = the original diameter ; 
d = the changed diameter ; 
k = temperature coefficient; 
/ = rise or fall in temperature, degrees Fahrenheit 

For a change in the length of a conductor : 
r, = ^. (306.) Art. 2171. 

For a change in the sectional area of a conductor : 
r, = ^^. (307.) Art. 2172. 

For a change in the diameter of a conductor: 
r, = ^^. (308.) Art. 21 73. 



102 



TABLES AND FORMULAS. 



For a rise in the temperature of a conductor : 

r, = r, (1 + / >fe). (309.) Art. 21 77, 

For a fall in the temperature of a conductor : 

r. 



^- \J^tk' 



(310.) Art. 2178. 



RGSISTANCBS AND TBMPBRATURB COEFFICIBNTS OF 

DIFFBRENT MBTALrS. 



Name of Metal. 


Resistance, 

Microhms 

per Cu. In. 


Relative 
Resistance. 


Temperature 
Coefficient. 


Silver, annealed 


1 

•5921 


I . 


.002094 


Copper, annealed .... 


.6292 


1.063 


.002155 


Silver, hard-drawn . . . 


•6433 


1.086 


.002094 


Copper, hard-drawn . . 


•6433 


1.086 


.002155 


Gold, annealed 


.8102 


1.369 


.002028 


Gold, hard-drawn. . . . 


.8247 


1-393 


.002028 


Alominum, annealed 


I. 1470 


1-935 




Zinc, pressed 


2.215 


3-741 


.002028 


Platinum, annealed . 


3-565 


6.022 




Iron, annealed 


3-825 


6.460 




Nickel, annealed .... 


4.907 


8.285 




Tin, pressed 


5.202 
7.728 


8.784 


.002028 


Lead, pressed 


13-05 


.002150 


German silver 


8. 240 


13.92 


. 000244 


Antimony, pressed. . . 


13.98 


23.60 


.002161 


Mercury 


37-15 
51-65 


62.73 

87-23 


. 000400 
.001967 


Bismuth, pressed. . . . 



CURRENT STRENGTH, BLBCTROMOTIVB FORCB, AND 

RESISTANCE. 

Let C = strength of current flowing in a closed circuit ; 
E = electromotive force; 
R = resistance. 






(311.) Art. 2192. 
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/e = ^. (312.) Art. 2193. 

E=CR, (313.) Art. 2194. 



XO FIND THB AVAILABLrB BLBCTROMOTIVB FORCB 

IN A CBLL. 

Let E = the total generated E. M. F. ; 

E'— available E. M. F. when the circuit is closed; 
C = the current flowing when- the circuit is closed ; 
ri = the internal resistance of the cell. 

E'=E- Cr,. (314.) Art. 2198. 



THB CURRBNT AND RBSISTANCB IN BRANCHBS OF 

DIVIDBD CONDUCTORS. 

Let r^ = resistance of first branch ; 
r, = resistance of second branch ; 
7-3 = resistance of third branch; 
c^ = current in first branch ; 
r, = current in second branch ; 
C = sum of the currents in the two branches ; 
7?^ = joint resistance of two branches in parallel; 
R'" r= joint resistance of three branches in paralleL 

c^ =-^f^. (315.) Art. 2200. 
c^ =:^:^f^, (316.) Art. 2200. 

(317.) Art. 2202. 



R"' = ' ' \ . (318.) Art. 2203. 





^. + < 




^^' 




'1 'a 


>ff 


r r 








T T T 
' 1 ' a ' 3 



BLBCTRICAL QUANTITY. 

Let Q = quantity of electricity in coulombs; 
C = current strength in amperes; 
/ = time in seconds ; 

Q=Cl. (319.) Art. 2207. 
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BLBCTRICAL ^TORK AND PO^WBR. 

J = electrical work in joules ; 
F'P = work in foot-pounds ; 

Q = quantity of electricity in coulombs; 
C = current in amperes ; 

/ = time in seconds during which the current flows; 
£ = potential, or E. M. F., of circuit; 
R = resistance of circuit ; 
W= power in watts; 
II. P. = horsepower. 



/ -C£t. 


(320.] 


» Art. 


2209. 


J =C*Rt. 


(321.] 


1 Art. 


2209. 




(322.: 


> Art. 


2209. 


F-p- .izmj. 


(323.; 


1 Art. 


2210. 


W = C£. 


(324.; 


I Art. 


2211. 


W = C*R. 


(325.; 


1 Art, 


2211. 




(326.; 


) Art. 


2211. 


■iP-^ 
746* 


(327.; 


) Art. 


2212. 


W =/f.P.X 746. 


(328.; 


1 Art. 


2213. 



TO DBTGRMINB THB DIRBCTION OP THB CURRBNT 
GBNBRATBD IN A CONDUCTOR. 

Rule. — Place thumbs forefinger^ and middle finger of the 
right hand so that each will be perpendicular to the other two ; 
if the forefinger points in the direction of the lines of force ^ 
and the thumb points in the direction towards which the con- 
ductor is moving^ then the middle finger luill point in the di- 
rection towards which the current generated in the conductor 
tends to flow. Art. 2221. 



TABLES AND FORMULAS 105 

DBTGRMINATION OF BLBCTROMOTIVB FORCE. 

Let E = maximum electromotive force obtained at the 
brushes ; 
N= total number of lines of force passing from north 

pole through the core to the south pole ; 
5 =5: number of outside wires on the periphery through 

which the current flows tn series ; 
n = number of complete revolutions per second of 
core. 

E = -^J^. (329.) Art. 2236. 



TO DBTGRMINB THE DIRBCTION OF MOTION IMPARTBD 

TO A CONDUCTOR. 

Rule. — Place thumb^ forefinger^ and middle finger of the 
left hand each at right angles to the other two ; if the fore- 
finger points in the direction of the lines of force ^ and the 
middle finger points in the direction towards which the cur- 
rent flows^ then the thumb will point in the direction of 
movement imparted to the conductor. Art. 2239* 



EFFICIENCY OF A DYNAMO. 

Let / = input of a dynamo ; 
O = output; 
E = efficiency, per cent. 

E = 122_^. (330.) Art. 2273. 

PER CENT. LOSS IN A DYNAMO. 

Let L = per cent, loss; 
/ = input; 
O = output. 

j^^ 100(^^1^, (331.) Art. 2274. 

When the output and efficiency are given : 

/= lOOX^^ (332.) Art. 2275. 
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When the input and efficiency are given: 

^ ^ I^- (333.) Art. 2276- 



HORSBPOWBR, TORQUB» AND NUMBER OF RBVOLrUTIONS 

OF MOTORS. 

Let H, P. = horsepower. 
T = torque ; 
5 = number of revolutions per minute. 

H. P. = .0001904 TS. (334.) Art. 2346. 

LT p 

^ ^ .0001904 r (335.) Art. 2346. 

J-f P 

^ =.0001904 6'* (336.) Art. 2346. 
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